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摘 要 
 花岗岩残积土在我国东南沿海地区分布十分广泛，在闽粤两地花岗岩出露面
积可达总面积的 30%-40%，残积土层厚度可达 20-35m，该地区许多重点工程和
基础设施建设都以花岗岩残积土为重要地质环境和主要载体。东南沿海地区气候
湿热，降雨充沛，雨水极易通过孔隙渗入土体形成渗流，工程建设过程中面临的
强渗流场下花岗岩残积土安全稳定的技术难题，关系到城镇化进程中各类重点工
程的成败，所以研究花岗岩残积土的渗流特性及基坑渗流变形具有重要的理论及
现实意义。 
 本文以取自东南沿海地区的花岗岩残积土为研究对象，制作饱和重塑试样，
采用 SLB-1 型应力应变控制式三轴剪切渗透仪、TST-55 型变水头渗透仪等仪器
设备研究了花岗岩残积土的渗透系数及渗流变形特性，通过MIDAS GTS NX有
限元软件，并结合以花岗岩残积土为主要地质环境的某基坑工程，分析了地下水
渗流对基坑变形的影响规律。主要研究内容如下： 
 1.测试分析了花岗岩残积土的主要物理性质，并通过三轴渗流试验及变水头
渗流试验，研究了孔隙比、渗透压、围压、应力路径、主应力差、渗流-固结情
况等多因素对渗透系数的影响规律，同时将变水头渗流试验与三轴渗流试验所测
得的结果进行对比分析； 
 2.通过变水头渗流试验，对比测试分析了矿渣粉、水泥、膨润土、砂等四种
不同改性材料在不同掺入比例下对花岗岩残积土渗透系数的影响规律，同时与原
花岗岩残积土的渗透系数进行对比分析； 
 3.通过三轴渗流试验，研究了孔隙比、渗透压、围压、主应力差等多因素对
花岗岩残积土渗流变形特性的影响规律，并分析了土体渗流变形机理； 
 4.结合以花岗岩残积土为主要土层的某深基坑工程，通过 MIDAS GTS NX
软件进行基于渗流-应力耦合作用的有限元数值模拟，为便于对比分析，选取无
渗流、有渗流无止水帷幕以及有渗流有止水帷幕三种工况，研究了渗流条件下基
坑孔隙水压力、水力梯度、渗流速度等分布特征，并对比分析了三种工况下基坑
周边地表沉降、支护桩水平变形、坑底隆起等变形特征； 
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 5.在有渗流有止水帷幕的工况条件下，研究了土层渗透系数、初始地下水位、
降水深度等因素对基坑最大水力梯度、最大渗流速度、最大渗流量、孔隙水压力
分布等渗流场特征以及基坑周边地表沉降、支护桩水平变形、坑底隆起等基坑变
形特征的影响规律。 
关键词：残积土；渗透系数；渗流变形；基坑数值模拟 
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Abstract 
Granite residual soil in the southeast coastal areas of China is widely distributed, 
in Fujian and Guangdong granite exposed area reach 30% -40% of the total area, 
residual soil thickness reach 20-35m, many of the key projects and infrastructure 
construction in the area are dominated by granite residual soil as an important 
geological environment and the main carrier. The southeastern coastal area is hot and 
humid and the rainfall is very abundant, the rainwater is easily penetrated into the soil 
through the pores, the technical problems of the safety and stability of the granite 
residual soil under the strong seepage flow in the process of construction are related to 
the success or failure of various key projects in the process of urbanization, therefore, 
it is of great theoretical and practical significance to study the seepage characteristics 
of granite residual soil and the seepage deformation of foundation pit.  
This paper takes the granite residual soil from the southeastern coastal area as the 
research object, make saturated and remolded samples, study on permeability 
coefficient and seepage deformation characteristics of granite residual soil by using 
SLB-1 stress-strain controlled triaxial shear seepage tester, TST-55-type  
varying-head  permeameter and other equipment, based on the MIDAS GTS NX 
finite element software and the foundation pit engineering with granite residual soil as 
the main geological environment, the influence of groundwater seepage on the 
deformation of foundation pit is analyzed. The main research contents are as follows: 
1. The main physical properties of granite residual soil were analyzed, the effects 
of factors such as void ratio, osmotic pressure, confining pressure, stress path, 
principal stress difference and seepage-consolidation condition on the permeability 
coefficient were studied by triaxial seepage test and variable head seepage test, at the 
same time, the results of variable head seepage test and the results of triaxial seepage 
test were compared; 
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2. The influence of four kinds of modified materials, such as slag powder, cement, 
bentonite and sand, on the permeability coefficient of granite residual soil under 
different mixing ratio was analyzed by the variable head seepage test, and the 
permeability coefficient of the original granite residual soil is compared and analyzed; 
3. The influence of multi - factors such as porosity ratio, osmotic pressure, 
confining pressure and principal stress difference on the seepage and deformation 
characteristics of granite residual soil was studied by triaxial seepage test, and the 
mechanism of seepage deformation of soil is analyzed; 
4. Based on the deep foundation pit engineering with granite residual soil as the 
main soil layer, finite element numerical simulation based on seepage-stress coupling 
is carried out by MIDAS GTS NX software, in order to facilitate the comparative 
analysis, select no seepage, there are seepage without water curtain, there are seepage 
with water curtain three conditions, the distribution characteristics of pore water 
pressure, hydraulic gradient and seepage velocity are studied under the condition of 
seepage, and the deformation characteristics of the ground settlement, the horizontal 
deformation of the retainig pile and bottom heave are analyzed and compared under 
three kinds of working conditions; 
5. In the case of seepage with a water curtain, the influence of factors, such as the 
permeability coefficient, the initial groundwater level and the depth of precipitation, 
on the characteristics of seepage field, such as the maximum hydraulic gradient, the 
maximum seepage velocity, the maximum seepage flow and the pore water pressure 
distribution, and the deformation characteristics of foundation pit, such as ground 
settlement, the horizontal deformation of the retainig pile and bottom heave, are 
studied. 
Key words: residual soil; permeability coefficient; seepage deformation; numerical 
simulation of foundation pit 
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